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11647701 BIOSIS NO.: 199800429432 

Role of betal and beta3 integrins in human smooth muscle cell adhesion to 

and contraction of fibrin clots in vitro. 
AUTHOR: Yee Karen 0(a); Rooney Michael M; Giachelli Cecilia M; Lord Susan T 

; Schwartz Stephen M 
AUTHOR ADDRESS: (a) Univ. Washington, Box 357335, Seattle, WA 98195**USA 
1998 

JOURNAL : Circulation Research 83 (3):p241-251 Aug., 1998 
ISSN: 0009-7330 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The degree of lumen narrowing in advanced lesions correlates 

poorly with the amount of intimal mass accumulated in the atherosclerotic 
plaque. As an alternate mechanism of stenosis, we propose that human 
smooth muscle cells bind to fibrin deposited in the matrix and exert 
contractile forces to cause a narrowing of the lumen. In the present 
study we demonstrated in vitro that human newborn aortic smooth muscle 
cell lines can contract and adhere to fibrin clots composed of either 
f ibronectin-depleted plasma ("plasma") or recombinant fibrin. By 
using neutralizing antibodies and RGD peptides, we showed that 
members of the integrin family mediated the interaction between human 
newborn smooth muscle cells and fibrin. Neutralizing antibodies 



against the integrin alphavbeta3 (c7E3 Fab and LM609) did not 
inhibit either plasma clot contraction or recombinant fibrin clot 
contraction by human newborn smooth muscle cells. In contrast, 
antibodies against alphaS, betal, and alphaSbetal inhibited 
contraction of clots composed of either plasma or recombinant 
fibrin. Anti-alphavbeta3, anti-alphav, anti-alpha5, anti-betal, and 
anti-alpha5betal antibodies inhibited human newborn smooth muscle 
cell adhesion to plasma clots; however, only anti-alpha5, anti-betal, and 
anti-alpha5betal antibodies significantly inhibited adhesion to 
recombinant fibrin. While the linear RGD peptides had no effect, the 
cyclic peptide penRGD inhibited adhesion to plasma clots and recombinant 
fibrin. However, it did not block contraction of recombinant fibrin 
clots. These results suggest that during the interaction of human newborn 
smooth muscle cell lines with fibrin, alphaSbetal plays a significant 
role. This interaction is of potential interest as a target for efforts 
to block vascular contraction. 
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combinatorial V gene libraries. 
AUTHOR: Rader Christoph; Chereshi David A; Barbas Carlos F III (a) 
AUTHOR ADDRESS: (a)Scripps Res. Inst., BCC-515, 10550 North Torrey Pines 

Road, La Jolla, CA 92037**USA 
1998 

JOURNAL: Proceedings of the National Academy of Sciences of the United 

States of America 95 ( 15 ) : p8910-8 915 July 21, 1998 

ISSN: 0027-8424 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE: English 

ABSTRACT: The development of a new strategy for antibody humanization is 
described. This strategy incorporates key recognition sequences from the 
parental rodent antibody into a phage display-based selection 
strategy. The original sequences of the third complementarity-determining 
regions (CDRs) of heavy and light chains, HCDR3 and LCDR3, were 
maintained and all other sequences were replaced by human sequences 
selected from phage-displayed antibody libraries. This approach was 
applied to the humanization of mouse mAb LM609 that is 

directed to human integrin alphavbeta3 and has potential applicability in 
cancer therapy as an antiangiogenic agent We demonstrate this approach 
(i) provides a rapid route for antibody humanization 
constraining the content of original mouse sequences in the final 
antibodies to the most hypervariable of the CDRs; (ii) generates 
several humanized versions with different sequences at the same 
time; (iii) results in affinities as high as or higher than the affinity 
of the original antibody; and (iv) retains the antigen and epitope 
specificity of the original antibody. The production of multiple 
humanized variants may present advantages in the selection of 
antibodies that are more readily expressed on a large scale and 
could be important in therapeutic regimens that call for long-term 
treatment with antibodies in which ant i idiotypic responses might be 
avoided by administration of alternative antibodies. 
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AUTHOR: Wu Herren; Beuerlein Gregory; Nie Ying; Smith Heidi; Lee Bruce A; 

Hensler Mary; Huse William D; Watkins Jeffry D(a) 
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ABSTRACT: A protein engineering strategy based on efficient and focused 
mutagenesis implemented by codon-based mutagenesis was developed. 
Vitaxin, a humanized version of the antiangiogenic antibody 
LM609 directed against a conformational epitope of the alphavbeta3 
integrin complex, was used as a model system. Specifically, focused 
mutagenesis was used in a stepwise fashion to rapidly improve the 
affinity of the antigen binding fragment by greater than 90-fold. In the 
complete absence of structural information about the Vitaxinalphavbeta3 
interaction, phage-expressed antibody libraries for all six Ig 
heavy and light chain complementarity-determining regions were expressed 
and screened by a quantitative assay to identify variants with improved 
binding to alphavbeta3. The Vitaxin variants in these libraries each 
contained a single mutation, and all 20 amino acids were introduced at 
each complementarity-determining region residue, resulting in the 
expression of 2,336 unique clones. Multiple clones displaying 2- to 
13-fold improved affinity were identified. Subsequent expression and 
screening of a library of 256 combinatorial variants of the optimal 
mutations identified from the primary libraries resulted in the 
identification of multiple clones displaying greater than 50-fold 
enhanced affinity. These variants inhibited ligand binding to receptor 
more potently as demonstrated by inhibition of cell adhesion and ligand 
competition assays. Because of the limited mutagenesis and combinatorial 
approach, Vitaxin variants with enhanced affinity were identified rapidly 
and required the synthesis of only 2,592 unique variants. The use of such 
small focused libraries obviates the need for phage affinity selection 
approaches typically used, permitting the use of functional assays and 
the engineering of proteins expressed in mammalian cell culture. 
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LANGUAGE: English 

ABSTRACT: Background: Platelet interaction with endothelium plays an 
important role in the pathophysiology of coronary microcirculation. We 
assessed the role of the vitronectin receptor (integrin alpha-v-beta-3) 
in platelet /endothelium adhesion. Methods and Results: We investigated 
the effect on platelet /endothelium adhesion of plasma obtained from 
patients with acute myocardial infarction during reperfusion (before and 
8, 24, 48, and 72 hours and 5 to 7 days after direct angioplasty) and 



with pretreatment with alpha-thrombin (2U/mL) and recombinant human 
interleukin-l-beta . Platelet /endothelium adhesion was significantly 
enhanced by apprxeq 20% after pretreatment of endothelium with patient 
plasma for 4 hours (P It .05) compared with endothelium treated with 
pooled control plasma. Plasma-induced platelet /endothelium adhesion was, 
in part, RGD peptide dependent. Pretreatment of endothelial cells with 
alpha-thrombin or recombinant human interleukin-l-beta enhanced 
platelet/endothelium adhesion and surface expression of alpha-v-beta-3 on 
the luminal aspect of endothelium (P It .05). The adhesion of platelets, 
isolated platelet microparticles, and Chinese hamster ovary cells bearing 
human recombinant alpha-IIbeta-3 (platelet glycoprotein Ilb-IIIa) 
to activated endothelial cells was inhibited by antiadhesive peptides 
GRGDSP and c(RGDfV) and monoclonal antibodies 4F10, LM609, 
and 7E3. Conclusions: The expression of vitronectin receptor exposed on 
the luminal aspect of activated endothelium is enhanced and mediates 
platelet/endothelium adhesion. Vitronectin receptor-mediated platelet 
attachment to activated endothelium during reperfusion may contribute to 
reperfusion injury and could be a target for antiadhesive therapy. 
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ABSTRACT: Glanzmann's thrombasthenia (GT) is a recessive autosomal bleeding 
disorder characterized by abnormal platelet aggregation due to a 
qualitative or quantitative defect of the glycoprotein (GP) Ilb-IIIa 
complex (integrin alpha-lib, beta-3 ) . We describe a new mutation in the 
GPIIIa gene responsible for type I GT in a consanguineous Algerian 
family. A discordance between phenotyping and genotyping of the 
GPIIIa-related HPA-1 platelet alloantigen system in three family members 
heterozygous for the disease suggested a genetic defect in the GPIIIa 
gene and a normal GPIIb gene. Sequence analysis of amplified genomic DNA 
fragments showed a 6-bp deletion in axon 7 of the GPIIIa gene resulting 
in the amino acid deletion/substitution ( IIe-325Pro-32 6Gly-327 fwdarw 
Met) and creating a new BspHI restriction site. Expression of the mutated 
integrin beta-3 subunit cDNA in Chinese hamster ovary cells showed that 
the cDNA gene was transcribed into a full-length beta-3 protein with an 
apparent molecular weight identical to wild-type beta-3 and accumulated 
as a single-chain molecule in the cell cytoplasm. The absence of 
heterodimeric complex formation of the mutant beta-3 protein with 
endogeneous alpha-v was shown by immunoprecipitation experiments, 
intracellular immunof luorescent labeling, and a semiquantitative 
enzyme-linked immunosorbent assay using the alpha-v-beta-3 
complex-specific monoclonal antibodies LM609 and 23C6. 

Substitution of the methionine residue by a proline, present at position 
326 of wild-type beta-3, did not restore the ability of the 
recombinant mutant beta-3 protein to associate with alpha-v, 
suggesting that the Ile-Pro-Gly motif is located in a beta-3 domain 
important for integrin subunit interaction. The association of a BspHI 
restriction site with this newly identified mutation has allowed 



allele-specif ic restriction analysis of Algerian GT individuals and the 
identification of two new unrelated type I patients exhibiting the same 
mutation, suggesting that the described mutation might be significant in 
this population and that BspHI restriction analysis will provide a useful 
screening assay for antenatal diagnosis and genetic counselling. 
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ABSTRACT: Angiogenesis plays a fundamental role in human breast tumor 

progression. In fact, recent findings indicate that vascular density is a 
prognostic indicator of breast cancer disease status. Evidence is 
presented that the integrin alpha-v-beta-3 is not only a marker of human 
breast tumor-associated blood vessels, but that it plays a significant 
role in human angiogenesis and breast tumor growth. To assess the role of 
alpha-v-beta-3-dependent angiogenesis in the progression of human breast 
cancer, we examined a SCID mouse/human chimeric model with 
transplanted full thickness human skin containing alpha-v-beta-3-negative 
human breast tumor cells. This tumor induced a human angiogenic response 
as measured by vascular cell immunoreactivity with monoclonal 
antibodies LM609 and P2B1 directed to human alpha-v-beta-3 
and CD31, respectively. Intravenous administration of LM609 either 
prevented tumor growth or markedly reduced tumor cell proliferation 
within the microenvironment of the human skin. These LM609-treated tumors 
not only contained significantly fewer human blood vessels but also 
appeared considerably less invasive than tumors in control animals. These 
findings demonstrate that alpha-v-beta-3 antagonists may provide an 
effective antiangiogenic approach for the treatment of human breast 
cancer . 
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A protein engineering strategy based on efficient and focused mutagenesis 
implemented by codon-based mutagenesis was developed. Vitaxin, a 
humanized version of the antiangiogenic antibody LM609 

directed against a conformational epitope of the alpha (v) betainf 3 integrin 
complex, was used as a model system. Specifically, focused mutagenesis was 
used in a stepwise fashion to rapidly improve the affinity of the antigen 
binding fragment by greater than 90-fold. In the complete absence of 
structural information about the Vitaxinalpha (v) betainf 3 interaction, 
phage-expressed antibody libraries for all six Ig heavy and light chain 
complementarity-determining regions were expressed and screened by a 
quantitative assay to identify variants with improved binding to 
alpha (v) betainf 3. The Vitaxin variants in these libraries each contained a 
single mutation, and all 20 amino acids were introduced at each 
complementarity-determining region residue, resulting in the expression of 
2,336 unique clones. Multiple clones displaying 2- to 13-fold improved 
affinity were identified. Subsequent expression and screening of a library 
of 256 combinatorial variants of the optimal mutations identified from the 
primary libraries resulted in the identification of multiple clones 
displaying greater than 50-fold enhanced affinity. These variants inhibited 
ligand binding to receptor more potently as demonstrated by inhibition of 
cell adhesion and ligand competition assays. Because of the limited 
mutagenesis and combinatorial approach, Vitaxin variants with enhanced 
affinity were identified rapidly and required the synthesis of only 2,592 
unique variants. The use of such small focused libraries obviates the need 
for phage affinity selection approaches typically used, permitting the use 
of functional assays and the engineering of proteins expressed in mammalian 
cell culture . 
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the luminal aspect of endothelial cells: Implications for reperfusion in 
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Background: Platelet interaction with endothelium plays an important role 
in the pathophysiology of coronary microcirculation. We assessed the role 
of the vitronectin receptor (integrin alpha (v) betainf 3) in 
platelet/endothelium adhesion. Methods and Results: We investigated the 
effect on platelet/endothelium adhesion of plasma obtained from patients 
with acute myocardial infarction during reperfusion (before and 8, 24, 48, 
and 72 hours and 5 to 7 days after direct angioplasty) and with 
pretreatment with alpha- thrombin (2 U/mL)and recombinant human 
interleukin-lbeta . Platelet/endothelium adhesion was significantly enhanced 
by approx. eq.20% after pretreatment of endothelium with patient plasma for 
4 hours (P< . 05) compared with endothelium treated with pooled control 
plasma. Plasma-induced platelet/endothelium adhesion was, in part, RGD 
peptide dependent. Pretreatment of endothelial cells with alpha-thrombin or 
recombinant human interleukin-lbeta enhanced platelet/endothelium adhesion 
and surface expression of alpha (v) betainf 3 on the luminal aspect of 
endothelium (P<.05). The adhesion of platelets, isolated platelet 
microparticles, and Chinese hamster ovary cells bearing human 
recombinant alpha ( lib) betainf 3 (platelet glycoprotein Ilb-IIIa) to 



activated endothelial cells was inhibited by antiadhesive peptides GRGDSP 
and c(RGDfV) and monoclonal antibodies 4F10, LM609, and 7E3 . 
Conclusions: The expression of vitronectin receptor exposed on the luminal 
aspect of activated endothelium is enhanced and mediates 
platelet/endothelium adhesion. Vitronectin receptor-mediated platelet 
attachment to activated endothelium during reperfusion may contribute to 
reperfusion injury and could be a target for antiadhesive therapy. 
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NUMBER OF REFERENCES: 4 9 

Glanzmann's thrombasthenia (GT) is a recessive autosomal bleeding 
disorder characterized by abnormal platelet aggregation due to a 
qualitative or quantitative defect of the glycoprotein (GP) Ilb-IIIa 
complex (lintegrin alphallbbeta3 ) . We describe a new mutation in the GPIIIa 
gene responsible for type I GT in a consanguineous Algerian family. A 
discordance between phenotyping and genotyping of the GPIIIa-related HPA-1 
platelet alloantigen system in three family members heterozygous for the 
disease suggested a genetic defect in the GPIIIa gene and a normal GPIIb 
gene. Sequence analysis of amplified genomic DNA fragments showed a 6-bp 
deletion in exon 7 of the GPIIIa gene resulting in the amino acid 
deletion/substitution (Ilesup 3sup 2sup 5Prosup 3sup 2sup 6Glysup 3sup 2sup 
7 <rt arrow> Met) and creating a new BspHI restriction site. Expression of 
the mutated integrin beta3 subunit cDNA in Chinese hamster ovary cells 
showed that the cDNA gene was transcribed into a full-length beta3 protein 
with an apparent molecular weight identical to wildtype beta3 and 
accumulated as a single-chain molecule in the cell cytoplasm. The absence 
of heterodimeric complex formation of the mutant beta3 protein with 
endogeneous alphav was shown by immunoprecipitation experiments, 
intracellular immunof luorescent labeling, and a semiquantitative 
enzyme-linked immunosorbent assay using the alphavbeta3 complex specific 
monoclonal antibodies LM609 and 23C6. Substitution of the 
methionine residue by a proline, present at position 326 of wild-type 
beta3, did not restore the ability of the recombinant mutant beta3 
protein to associate with alphav, suggesting that the Ile-Pro-Gly motif is 
located in a beta3 domain important for integrin subunit interaction. The 
association of a BspHI restriction site with this newly identified mutation 
has allowed allele-specif ic restriction analysis of Algerian GT individuals 
and the identification of two new unrelated type I patients exhibiting the 
same mutation, suggesting that the described mutation might be significant 
in this population and that BspHI restriction analysis will provide a 
useful screening assay for antenatal diagnosis and genetic counselling. 
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Antiintegrin alphavbeta3 blocks human breast cancer growth and 
angiogenesis in human skin 

Brooks P.C.; Stromblad S.; Klemke R . ; Visscher D. ; Sarkar F.H.; Cheresh 
D.A. 

Dept. of Immunology/Vascular Biology, Scripps Research Institute, 10666 
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Journal of Clinical Investigation ( J. CLIN. INVEST. ) (United States) 

1995, 96/4 (1815-1822) 

CODEN: JCINA ISSN: 0021-9738 

DOCUMENT TYPE: Journal; Article 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

Angiogenesis plays a fundamental role in human breast tumor progression. 
In fact, recent findings indicate that vascular density is a prognostic 
indicator of breast cancer disease status. Evidence is presented that the 
integrin alphavbeta3 is not only a marker of human breast tumor-associated 
blood vessels, but that it plays a significant role in human angiogenesis 
and breast tumor growth. To assess the role alphavbeta3-dependent 
angiogenesis in the progression of human breast cancer, we examined a SCID 
mouse/human chimeric model with transplanted full thickness human 
skin containing alphavbeta3-negative human breast tumor cells. This tumor 
induced a human angiogenic response as measured by vascular cell 
immunoreactivity with monoclonal antibodies LM609 and P2B1 
directed to human alphavbeta3 and CD31, respectively. Intravenous 
administration of LM609 either prevented tumor growth or markedly 
reduced tumor cell proliferation within the microenvironment of the human 
skin. These LM609-treated tumors not only contained significantly fewer 
human blood vessels but also appeared considerably less invasive than 
tumors in control animals. These findings demonstrate that alphavbeta3 
antagonists may provide an effective antiangiogenic approach for the 
treatment of human breast cancer. 
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